Background. Few prospective studies have examined associations between breast cancer worry and screening behaviours in women with elevated breast cancer risks based on family history. Methods. This study included 901 high familial risk women, aged 23-71 years, from the Ontario site of the Breast Cancer Family Registry. Self-reported breast screening behaviours at year-one followup were compared between women at low (N = 305), medium (N = 433), and high (N = 163) levels of baseline breast cancer worry using logistic regression. Nonlinear relationships were assessed using likelihood ratio tests. Results. A significant non-linear inverted "U" relationship was observed between breast cancer worry and mammography screening (P = 0.034) for all women, where women at either low or high worry levels were less likely than those at medium to have a screening mammogram. A similar significant non-linear inverted "U" relationship was also found among all women and women at low familial risk for worry and screening clinical breast examinations (CBEs). Conclusions. Medium levels of cancer worries predicted higher rates of screening mammography and CBE among high-risk women.
Introduction
In 2010, about 8,900 Ontario women were diagnosed with breast cancer while 2,100 died of the disease [1] . Compared to women without a family history of breast cancer, women with an affected first-degree relative are about twice as likely to develop breast cancer, with risks increasing when any firstdegree relatives are diagnosed prior to age 50, and when larger numbers of first-degree relatives are diagnosed [2, 3] . A recent review indicated that screening mammography reduced breast cancer mortality for women 39-69 years [4] , and while no differentiation was found by familial breast cancer risk, other studies support the effectiveness of mammography and clinical breast examination (CBE) in breast cancer detection in elevated risk women [5, 6] . During the study time period, the Canadian Task Force on Preventive Health Care recommended breast screening by mammography and CBE every 1-2 years for average risk women aged 50-69 years [7] . For women with elevated familial risk, mammogram, CBE, and breast self-examinations (BSE) [8] are recommended annually and prior to 50 years of age [9] [10] [11] .
Worry is a central construct in theories concerning preventive health behaviours like breast cancer screening, and the Self-Regulation theory suggests that, depending on conditions, worry may impede or advance disease management [12] . In an earlier paper, Hailey hypothesized that the inverted U-shaped curve best portrayed associations 2 Journal of Cancer Epidemiology between anxiety or fear and screening behaviours in contrast to linear associations [13] . Building on self-regulation theory and the Hailey hypothesis, the cognitive-social health information processing (C-SHIP) model proposed a "curvilinear" or "inverted U" relationship between worry intensity and screening adherence. According to this model, negative feelings about the self are frequently activated during health information processing, and, once activated, high levels of negative effect and anxious arousal promote avoidance, while lower levels lead to reduced motivation, such that very low and very high levels are associated with lower screening adherence [14] , and middle levels are associated with higher adherence levels.
Extensive research has been conducted examining the association of worry and breast cancer screening behaviours in average risk women [15] [16] [17] . In particular, the metaanalysis of prospective studies by Hay et al. [16] supports a positive influence of breast cancer worry on screening behaviours (mammography and BSE). However, since these studies included women at average risk, most exhibited a narrow range of mild worry, it precluded the examination of potential nonlinear associations.
Other observational studies on women at elevated familial breast cancer risk found inconsistent associations between worry and breast cancer screening adherence. The majority have examined associations between current worry levels and past breast screening behavior, and, in two of the crosssectional studies, no significant associations were found between cancer-related worry and mammography utilization [18, 19] , while a third reported an inverse association between higher levels of mammography screening adherence and lower levels of breast cancer worry [20] . But in other types of screening, namely, CBE and breast ultrasound use, no associations were found between higher uptake levels and higher worry levels [18, 19] .
Only two prospective studies examined the association between breast cancer worry and breast screening in high familial risk women [21, 22] , and, in one, cancer worry at moderate levels significantly predicted greater mammography adherence [21] , while in the other women with higher levels of breast cancer worry that impacted mood were significantly less likely to utilize mammography than those with low worry levels [22] .
To further examine the association between worry and breast screening and to identify potential nonlinear associations, our study prospectively followed a population-based cohort of women at high familial risk. We examined associations between baseline worries of developing breast cancer and screening behaviours at one-year followup for these women with at least one first-degree relative diagnosed with breast and/or ovarian cancer. Breast screening adherence behaviours were compared between women at low, medium, and high breast cancer worry levels according to familial risk. 30) , who had bilateral mastectomy (N = 6), or who had a breast cancer diagnosis since the PHSQ (N = 6) were excluded. Since women at elevated familial breast cancer risk are recommended to have annual breast screening, the 22 women who completed the Y1FPHSQ more than 548 days (1.5 years) of completing the PHSQ were also excluded. Thus, the final study cohort consisted of 901 women. This study was approved by the Research Ethic Boards of Mount Sinai Hospital and the University Health Network.
Methods

Data Collection.
Information was obtained from three questionnaires. The first (EQ) was self-administered during recruitment of female relatives into the Ontario BCFR site; it collected detailed information on demographics and key behavioural risk factors for breast and ovarian cancers. The two subsequent questionnaires (PHSQ and Y1FPHSQ) of similar contents were telephone administered, and they updated changes in health behaviours and key demographic characteristics from the EQ questionnaire and collected detailed information on breast cancer screening examinations and breast cancer worries. Eligible participants were sent an introductory letter with a copy of the PHSQ or the Y1FPHSQ approximately two weeks prior to contact by phone. This allowed time for participants to recall specific dates and events and allowed reference to the questionnaire during the interview; further clarification was provided by the trained telephone interviewer during the interview process when necessary. More details of the questionnaire instruments have been previously published [23] [24] [25] .
Overall baseline worry of developing breast cancer was assessed by two questions on the PHSQ adopted from earlier work by Lerman et al. [26, 27] . Each question had choice options of "not at all or rarely," "sometimes," "often," and "almost all the time." The questions were (1) "During the past month, how often have you thought about your own chances of developing breast cancer?" and (2) "During the past month, how often have you worried about your own chances of developing breast cancer?" Participants were considered to have low levels of breast cancer worry if responding "not at all or rarely" to both questions, a medium level if answering "sometimes" to either or both questions, and a high level if responding "often" or "almost all the time" to either or both questions.
The PHSQ (baseline assessment) also asked if participants had a mammogram, CBE, or breast ultrasound since EQ completion. The Y1FPHSQ asked if participants had these examinations since completing the PHSQ. Both questionnaires asked participants whether the main reason for having these examinations was for screening or for a nonscreening purpose (e.g. due to a "breast problem or symptom," "followup of a previous breast problem," or "participation in a research study"). For each screening test in the prospective analysis, participants were dichotomized into those who had a test at year one followup and those who did not. Women who had these examinations for nonscreening purposes were excluded for analyses involving the specific test. Self-reported date of last mammogram was validated against medical records to assess recall accuracy. Age at interview at baseline was calculated as the difference in years between date of birth and date of PHSQ interview. Descriptive analyses employed age categories, but regression models were adjusted using continuous age. The highest level of education attained at baseline was obtained from the corresponding question on the PHSQ. Body mass index in kg/m 2 at baseline (<25, 25 to <30, and ≥30) of the participants was derived from information on height (EQ) and weight (PHSQ). The average annual frequency of visiting a health care facility in the past two years (once a year or less, 2 to 3 times a year, and 4 or more times a year) was determined using responses to the PHSQ. Both the EQ and PHSQ assessed prior benign breast diseases. A positive history of benign breast disease was defined as a positive response to either or both questionnaires, whereas negative responses to both questionnaires were considered as absence of benign breast disease history. Perceived risk of developing breast cancer (much below or below average, same average risk, above average, much above average) was determined using the PHSQ question adopted from a comparative measure used earlier by Lipkus et al. [28] , "Compared to other women your age, how likely are you to get breast cancer in your lifetime?" Classification of family history of breast and/or ovarian cancer was based on information collected from the FHQ completed by the relatives' proband using a modified definition of previously referenced groups for familial breast cancer risk [5, 9] . Table 1 shows the criteria for classifying women to low, moderate, or high familial risk to breast and/or ovarian cancer.
Statistical Methods.
Chi-square tests assessed the association of worries of developing breast cancer (categorized as high, medium, or low) with each demographic or personal characteristic. The internal consistency between the two questions that assessed baseline worry was estimated using Chronbach's alpha. Multivariate logistic regression examined relationships between breast cancer worry assessed at baseline and breast cancer screening behaviours at yearone followup. For each screening behavior, models were fit using medium worry as the reference group. Final models were adjusted for age, education, annual frequency of visiting a health care facility, perceived breast cancer risk, the corresponding baseline screening behavior, and familial risk. As familial risk was identified as a potential effect modifier in the model between baseline worry and mammogram screening at followup, further analyses stratified by familial breast cancer risk were also conducted. Since many study participants were related and might share common cancer screening behaviours, potential correlation due to family clustering was corrected by using robust error variances in all regression models [29] . To test for nonlinear associations between breast cancer worry and screening behaviours, likelihood ratio tests compared the model with worry defined as a continuous (0, 1, 2) variable to the model with worry defined by a categorical (low, medium, and high) variable. Due to stratification and linearity assessment, a large number of statistical tests were performed; however, as these did not examine independent association hypotheses (even the two primary outcomes mammography and CBE are strongly associated, Chi-square P < 0.0001), a multiple testing correction was not applied. All statistical analyses were conducted using SAS version 9.1 [30] , and significance of all statistical tests was evaluated using two-sided P values at the 5% level.
Results
The analysis cohort included 901 women aged 23-71 years from 593 unique families of which 395 (67%) had one family member, 122 (20%) had 2 family members, and 76 (13%) had 3 and up to 6 family members. Chronbach's alpha, which measured the internal consistency between the two questions that assessed baseline worry, was 0.85. Of the women interviewed, 305 (34%) reported a low level of worry, 433 (48%) reported a medium level, and 163 (18%) reported a high level under our overall worry level categorization (Table 2) . Women with either medium or high levels of worry compared to low were significantly more likely to be less than 60 years of age, to have visited a health care facility at least twice annually and to perceive their breast cancer risk as above or much above average compared to other women their age (Table 2 ). There were no significant differences between the three worry levels within strata defined by educational level, familial breast cancer risk, body mass index, or history of benign breast disease.
At year-one followup (Table 3) , a significant nonlinear relationship was observed between breast cancer worry and mammography screening in all women (P value = 0.034). Compared to all women at a medium worry level of developing breast cancer, women at low worry were significantly less likely to have a screening mammogram (OR : 0.66, 95% CI : 0.45-0.98). Consistent with an inverted U-shaped relationship, all women with high compared to medium worry were less likely to have a mammogram although this association was not significant (Table 3 and Figure 1(a) ). Although not significant, a similar inverted Ushaped relationship was observed for women at moderate or high familial risk. Compared to those with medium worry levels, women with low worry (OR : 0.52, 95% CI : 0.30-0.90) and with high worry levels (OR : 0.77, 95% CI : 0.41-1.44) were less likely to have a screening mammogram.
For all women and for women at low familial risk, those at high worry levels were significantly less likely than those with medium worry to have CBE screening at yearone followup (OR : 0.52, 95% CI : 0.34-0.82; OR : 0.40, 95% CI : 0.21-0.76, resp.). In both groups, a significant nonlinear inverted U-shaped relationship was observed between worry and CBE (Table 3 and Figure 1(b) ).
Compared to those with medium worry, all women with high levels of worry were more likely to have a screening breast ultrasound at year one followup (OR : 1.90, 95% CI : 1.00-3.62) although this relationship did not reach significance. A borderline significant nonlinear relationship (P-value = 0.051) was observed for women at moderate or high familial breast cancer risk. These women were more likely to have a screening breast ultrasound if their breast cancer worry was low or high compared to medium (low versus medium OR : 1.76, 95% CI : 0.78 -3.96; high vs. medium OR : 2.36, 95% CI : 0.91-6.10) although these associations were not significant. In contrast, women at low familial risk were less likely to have a breast ultrasound if their worry was low compared to medium (OR = 0.53; 95% CI : 0.19-1.46) ( Table 3 and Figure 1(c) ).
Discussion
Among all women in this cohort, we observed a significant nonlinear inverted "U" relationship indicating a lower likelihood of obtaining a screening mammogram at followup if baseline worry levels were low or high compared to medium. A similar and significant inverted "U" association was found between worry and CBE for all women and women at low familial risk.
Our prospective analyses are consistent with the cognitive-social health information processing model, as medium worry levels predicted the likelihood of screening mammogram uptake at one year followup in all women.
A similar conclusion was noted in two other prospective studies. In one, moderate cancer worry levels significantly associated with greater mammography adherence at oneyear followup [21] , while in the other, the odds of obtaining a mammogram at 12 months were 70% lower for women reporting a higher level of worry that impacted mood, compared to lower worry levels [22] .
Our study is the first to examine the relationship between breast cancer worry and CBE utilization prospectively, and to find a significant inverted U-shaped association for all women and women at low familial risk. Women were less likely to have a screening CBE at year-one followup if worry was low or high compared to medium. As previous crosssectional studies reported no significant association between breast cancer worry and CBE utilization [18, 19] , it is likely that differences in study design accounted for these discrepant results. The reverse influence of screening results on worry would be of greater concern in a cross-sectional examination as compared to our prospective analysis.
We found higher but insignificant breast ultrasound uptake for women regardless of familial risk level at high cancer worry compared to medium worry; this finding is consistent with a previous cross-sectional study where no significant associations between worry and breast ultrasound examination were reported [19] . As breast ultrasound is usually recommended as a supplement to mammography in breast cancer screening in women with higher familial risk, worry levels may play a smaller role on its uptake in comparison to those of mammography or CBE. This could explain the differences in the associations observed between mammogram and CBE versus breast ultrasound.
The present study had notable strengths; a large cohort of female relatives of breast cancer cases from a populationbased registry were studied with adequate power to examine all associations. To-date, our study is the first to examine prospectively the associations between breast cancer worry and CBE and breast ultrasound, in addition to mammography. Our analysis was stratified by degree of familial breast cancer risk, after a significant interaction between worry and familial risk was observed for mammography screening uptake at followup. In other studies, women with family histories of breast cancer exhibited a higher level of worry than women without [31, 32] , and higher familial risk influenced breast cancer screening practices [33, 34] .
Attempts were made to reduce study limitations by minimizing misclassifications through the use of selfreported breast screening behaviours. Although self-reported mammography data has been found to be accurate for determining whether a woman had a mammogram, selfreported data is less accurate in determining the duration since last mammogram [35] since women tend to underestimate resulting in overestimations of recent mammography use [36, 37] . To minimize recall inaccuracy, the PHSQ and YIFPHSQ were mailed to the participants to allow recollection of dates and events prior to telephone interview. To estimate the magnitude of recall bias, self-reported date of last mammogram was validated against medical records, and approximately 92% of women reported their last mammogram to be within 12 months of the actual date. Journal of Cancer Epidemiology Participants in this study were residents of Ontario with universal health care coverage and an organized breast cancer screening program for women 50 years of age and older. Therefore, findings may be less applicable to populations where there is more limited health care coverage or access to screening. In this cohort of women at elevated familial risk for breast cancer, medium levels of worry were more influential than either low or high worry levels for the uptake of screening mammography and CBE. Furthermore, the strength of association between worry and screening behaviours depended on the level of familial risk. Findings from this study are important for clinical management and development of educational materials that address worry levels for women with various levels of familial breast cancer risk in order to achieve optimal breast cancer screening adherence.
